We present for the first time experimental results demonstrating the cultivation of photosynthetic microorganisms using laser light. There is an increasing interest in the cultivation of photosynthetic bacteria with artificial light, due to their potential for producing substances of commercial interest, such as single-cell proteins, antimicrobial agents, and therapeutic compounds (1-3). The development of compact photobioreactors is, however, largely limited by the problem of providing sufficient radiant power to support photosynthesis, and thereby bacterial growth, using conventional light sources.
This work investigates whether a photosynthetic microorganism with known biotechnological potential can be successfully cultivated with light from an almost monochromatic (laser) light source. The well-studied anoxygenic photosynthetic bacterium, Rhodobacter capsulatus, was used as the model organism. A Vertical-Cavity Surface-Emitting Laser (VCSEL) was chosen as a light source uniquely suitable for the cultivation of this photosynthetic microorganism based on the complementarity of the bacterial absorbance spectrum and the wavelength of the laser-emitted light. Unlike incandescent, fluorescent or light-emitting diode sources, VCSELs can efficiently produce all radiant energy within the narrow wavelength range used most effectively by this photosynthetic microorganism, as shown in Fig.1 . While the use of laser light for the cultivation of photosynthetic microorganisms has been suggested by some authors (4, 5) , this study is, to the best of our knowledge, the first experimental demonstration of this idea.
The VCSEL chosen was the Honeywell HFE 4080-321, a mass produced device developed for applications in high speed optical communications. Three VCSELs were fashioned into a 1x3 array, driven with a current of 25 mA, and used to deliver radiation at 860 nm (0.4 nm FWHM), which was found to be suitable for the cultivation of Rb. capsulatus. An experimental set-up allowing the exclusive exposure of the bacterial cells to laser light and the continuous monitoring of the growth of the bacteria was devised and validated. The bacteria were grown in a 5ml optical glass cuvette that was placed in front of the array. The entire setup was contained in a light shielded box. For comparison control experiments were also performed with an incandescent light source (100W light bulb) using the same experimental setup .
In accordance with standard microbiological practice for this microorganism, the bacterial growth rate was inferred from changes in the culture's optical density at 670 nm (OD 670 ).
The development and use of a fully automated in-situ OD 670 measurement system was a novel feature of the work. This system was based around a 670 nm laser, and included computer logging of the OD 670 data as generated.
The dependence of growth rate on incident quantum irradiance is depicted in Fig. 2 , which shows a gradual shift in the growth rate's dependence on incident quantum irradiance, from linear dependence at low irradiances towards independence at high irradiances. For VCSEL illumination, the bacterial growth rates in light-limited cultures (corresponding to the linear portion of the curve shown in Fig. 2 ) were higher than those determined for incandescent light sources at comparable levels of quantum irradiance, due allowance made for non photosynthetically utilizable wavelengths present in the incandescent light. This indicates that, far from being impaired by the monochromatic nature of the illumination, the bacteria were in fact using the near-single wavelength radiation emitted by the VCSELs more effectively than the photosynthetically utilizable component of the light emitted by the incandescent bulb.
From the same experimental results it could also be shown that to achieve a given growth rate in a light-limited culture, the VCSEL used one third of the electrical power needed by an incandescent bulb, due allowance made for emitted radiant energy not directed to the cuvette. If a more efficient VCSEL were used, the superiority of the VCSEL in regard to energy efficiency would be substantially greater still. The demonstrated efficiency and effectiveness of the VCSEL sources for growing photosynthetic bacteria opens the possibility of designing small-scale, compact photobioreactors using laser light sources, which have the dual advantage of emitting light only at wavelengths that are most effective for photosynthesis (and therefore bacterial growth) and of exploiting device-inherent benefits, such as ease of coupling light into a reactor, long device lifetimes resulting in longer reactor uptime, and negligible production of waste heat . 
